Cytotoxic free radicals generated during the metabolism of carbon tetrachloride by cytochrome P450 2E1 (CYP2E1) are thought to cause hepatotoxicity. Here, the cytotoxic effects of carbon tetrachloride in a liver cell line expressing CYP2E1 (HLE/2E1) are compared with those in the mother cell line (HLE). The effects of carbon tetrachloride on the gene expression of HSP70, a potential marker of oxidative stress, were also examined. The viability of HLE/2E1 cells after exposure to carbon tetrachloride was significantly decreased compared with that of HLE cells. Northern blot analysis revealed that the HSP70 mRNA level was significantly increased after carbon tetrachloride treatment in both cell lines, while the magnitude of its increase was much greater in HLE/2E1 cells than in HLE cells. These results suggest that the oxidative stress induced by CYP2E1 plays an important role in the increase in cytotoxicity of carbon tetrachloride in CYP2E1-overexpressing cells.
Introduction
Hepatotoxicity is rare in patients exposed to volatile inhalational anaesthetics, all of which are halogenated hydrocarbons. Toxic reactive intermediates are generated by the hepatic drug-metabolizing enzyme cytochrome P450 (CYP), mainly isozyme CYP2E1, however, and these are thought to play an important role in the pathogenesis of hepatic injury induced by inhaled anaesthetics. 1 This is a serious clinical concern because its occurrence is highly unpredictable and may result in severe, potentially life-threatening hepatic damage. 1 Carbon tetrachloride, a halogenated carbon, is a hepatotoxin that is a substrate for hepatic CYP2E1. 2 The toxicity of carbon tetrachloride is thought to be due its metabolites. Free radicals generated by a CYP2E1-dependent detoxification step are believed to induce hepatic injury by interacting with the unsaturated fatty acids of cell membranes, thereby causing lipid peroxidation. 2 -4 CYP2E1-overexpressing cell lines are useful models for studying the cytotoxicity of chemicals metabolized by CYP2E1. 5 -7 To date, there have been few studies of the toxicity of carbon tetrachloride using a CYP2E1-overexpressing human liver cell line. 7 In this study, we compare the cytotoxicity of carbon tetrachloride in a CYP2E1-overexpressing liver cell line (HLE/2E1) 5 with that in its mother cell line (HLE). 8 As the cytotoxicity of carbon tetrachloride is thought to be due to free radicals generated by its CYP2E1dependent metabolism, the effect of carbon tetrachloride on the gene expression of HSP70, a potential marker of oxidative stress, 9 -11 was examined in HLE/2E1 and HLE cells.
Materials and methods
This study was conducted in the Department of Anaesthesiology and Resuscitology of Okayama University Medical School, Okayama City, Japan.
CELLS AND CULTURE
We previously established the human hepatoma cell line HLE 8 and its subline HLE/2E1, which overexpresses human CYP2E1, by transfection of this enzyme expression vector into the mother cell line HLE. 5 These cells also expressed mRNA for nicotinamide-adenine dinucleotide phosphate (NADPH)-CYP reductase and cytochrome b 5 , 5 both of which are necessary for CYP2E1 catalytic activity. 12, 13 There was no difference between the levels of mRNA expression for these enzymes in HLE and HLE/2E1 cells. 5 HLE and HLE/2E1 cells were cultured in Dulbecco's modified Eagle's medium (Sigma Chemical Co., St. Louis, MO, USA) supplemented with 10% fetal bovine serum (Sigma) and 100 µg/ml kanamicin (Sigma) at 37°C in a humidified atmosphere of 5% CO 2 and 95% air. Cells were subcultured at a split ratio of 1:8 every 7 days with 0.2% trypsin plus 0.02% ethylenediaminetetra-acetic acid in Ca 2+ -and Mg 2+ -free phosphate-buffered saline.
CYTOTOXIC ASSAY
The cytotoxicity of carbon tetrachloride was evaluated by the (3-[4,5-dimethylthiazol-2yl]-2,5-diphenyltetrazolium bromide) (MTT) assay method using a cell counting kit (Dojin, Tokyo, Japan). Cells were plated at 3 × 10 5 cells in a 25 cm 2 flask and 48 h after seeding, they were exposed for 12 h to various concentrations of carbon tetrachloride dissolved in dimethyl sulphoxide as a vehicle. The MTT reagent was then added at a concentration of 10% (v/v). Two sets of control cells were cultured, one exposed to the same volume of the vehicle and the other left untreated. Each flask was incubated for 90 min at 37 ºC in a 5% CO 2 incubator. The absorbance was measured at 450 nm using a microplate reader, with the absorbance at 620 nm as a reference.
RNA ISOLATION AND NORTHERN BLOT ANALYSIS
Total RNA was isolated from cells according to the method of Chomczynski and Sacchi. 14 Ten micrograms of total RNA was subjected to electrophoresis in a 1.2% agarose gel containing 6.5% formaldehyde. Human HSP70 cDNA 15 was labelled with [α-32 P] dCTP (NEN™ Life Science Products, Inc., Boston, MA, USA) using a random primer DNA labelling system (Amersham Pharmacia Biotech, Piscataway, NJ, USA) according to the manufacturer's instructions. After blotting on a sheet of BIO-RAD Zeta-Probe ™ membrane (Bio-Rad Laboratories, Richmond, CA, USA), RNA samples were hybridized with a [α-32 P] dCTP-labelled cDNA probe and then washed under stringent conditions. The membranes were exposed to Fuji Medical X-ray film with intensifying screens at -70 ºC, and autoradiographs were quantified using an image scanner (GelPrint ™ 2000i, Genomic Solutions Inc., Ann Arbor, MI, USA) and computerized image analysis software (Basic Quantifier ™ Ver. 3.0, Genomic Solutions Inc.).
STATISTICAL ANALYSIS
Statistical evaluation was performed with unpaired Student's t-test using Statview software (Abacus Concepts, Berkeley, CA, USA). Differences were designated as significant at P < 0.01.
Results

CYTOTOXIC EFFECTS OF CARBON TETRACHLORIDE ON HLE AND HLE/2E1 CELLS
Carbon tetrachloride exposure exerted dosedependent cytotoxic effects on both cell lines (Fig. 1) . The cytotoxic effects were more evident in HLE/2E1 cells than in HLE cells. The median lethal dose of carbon tetrachloride in HLE/2E1 cells (2.65 ± 0.09 mM) was significantly lower than that in HLE cells (3.30 ± 0.04 mM; P < 0.01).
EFFECTS OF CARBON TETRACHLORIDE TREATMENT ON HSP70 GENE EXPRESSION
In untreated control and vehicle-treated cells, HSP70 mRNA was barely detectable in both cell lines (Fig. 2) . In contrast, with carbon tetrachloride treatment, HSP70 mRNA levels were significantly increased in both HLE and HLE/2E1 cells (P < 0.01), but the latter showed a markedly higher level (approximately 2.5 times) than the former (Fig. 2 ).
Discussion
We demonstrated that the cytotoxicity of carbon tetrachloride is increased in HLE/2E1 cells compared with HLE cells. We also showed that HSP70 gene expression, a potential marker of oxidative stress, increases in carbon tetrachloride-treated HLE/2E1 and HLE cells, but that its level is 402 S Takahashi, T Takahashi, S Mizobuchi et al. Cytotoxicity of carbon tetrachloride increased dose-dependently both in HLE and HLE/2E1 cells. However, its magnitude was significantly greater in HLE/2E1 cells than in HLE cells (P < 0.01). Carbon tetrachloride is a substrate for hepatic CYP2E1, which converts it to a highly reactive trichloromethyl radical. 2 As the trichloromethyl radical reacts with microsomal membranes and induces lipid peroxidation, 3,4 membrane damage by a free-radical chain reaction has been postulated as a major cause of hepatocellular injury by carbon tetrachloride. 3 Thus, the increased generation of toxic reactive metabolites may contribute to the enhanced toxicity of carbon tetrachloride in HLE/2E1 cells. Consistent with our hypothesis, it has been reported that the toxicity of other CYP2E1 substrates, such as ethanol and paracetamol, is also increased in CYP2E1-overexpressing mammalian cell lines. 6, 7 We also previously demonstrated that the cytotoxicity of paracetamol is enhanced in HLE/2E1 cells compared with that in HLE cells. 5 In the present study, the HSP70 mRNA level was significantly increased not only in HLE/2E1 cells but also in HLE cells when treated with 2 mM of carbon tetrachloride. In contrast, a previous study showed that carbon tetrachloride at 0.8 mM did not induce HSP70 mRNA in a hepatoma cell line, HepG2 cells. 16 Differences between the cell types and the chemical concentrations may have contributed to these discrepant findings. In our study, cell viability determined by the MTT assay was approximately 95%, suggesting that induction of HSP70 mRNA is mediated by physiological effects but not by the lethal effect of carbon tetrachloride. The mechanism(s) responsible for the induction of HSP70 mRNA is not clear. However, oxidative stress has been reported to induce HSP70 mRNA in cultured hepatocytes. 17 We previously reported that CYP2E1 activity was detected not only in HLE/2E1 cells but also in HLE cells, although the latter showed much lower activity than the former. 5 The lipid peroxidation by reactive intermediates of CYP2E1-metabolized carbon tetrachloride contributes to oxidative stress in cells. Taken together, the findings suggest that oxidative stress caused by carbon tetrachloride treatment induces HSP70 mRNA both in HLE/2E1 and HLE cells. The magnitude of increase in HSP70 mRNA after carbon tetrachloride treatment in HLE/2E1 cells was much greater than that in HLE cells. Enhanced oxidative stress induced by the metabolism of carbon tetrachloride with CYP2E1 may contribute to the great decrease in viability of HLE/2E1 cells treated with carbon tetrachloride.
Carbon tetrachloride hepatotoxicity in human cell lines
We previously demonstrated, using a rat model, that hepatotoxicity of volatile anaesthetics correlates with the extent of free radicals generated by the catabolism of these anaesthetics via CYP. 18 CYP2E1 is also known to be the principal catalyst of volatile anaesthetics, such as halothane and isoflurane. 1 Thus, a CYP2E1-overexpressing human liver cell line may be suitable for investigating the hepatotoxicity of volatile anaesthetics.
